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[57] ABSTRACT 

A method is shown for determining an operating tempera- 
ture of a continuously variable hydraulic shock absorber and 
compensating a control signal therefore. A solenoid 62 
provides continuous variability in the damping level a shock 
absorber produces. The solenoid includes a coil 79 which 
may be used to oetermine the temperature of the hydraulic 
fluid in the shock absorber. An electronic controller 68 uses 
the temperature to compensate a desired damping signal to 
account for temperature variations. This allows the shock 
absorber to provide consistent damping levels for the vehicle 
throughout a broad temperature range, thereby improving 
the noise, vibration and harshness characteristics of the 
vehicle. 

8 Claims, 3 Drawing Sheets 
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METHOD FOR COMPENSATING A determining a temperature compensatoon factor based on 

CONTROL SIGNAL FOR A SHOCK *e second signal and generating a third signal; and 

ABSORBER OF A MOTOR VEHICLE compensating the first signal according to the third signal 

and generating a shock absorber control signal for 

BACKGROUND OF THE INVENTION 5 adjusting the shock absorber in accordance with the 

1 Field of the Invention temperature compensated damping level 

This invention relates to a method for controlling shock Other objects, features and advantages of the present 

absorbers used on a vehicular suspension system. More invention will become apparent to those skilled m the art 

particularly, the present invention relates to compensating from the drawings, detailed description and claims which 

shock absorber control signals for effects due to environ- 10 follow. 

mental as well as operating temperature variations. BRIEF DESCRIPTION OF THE DRAWINGS 
2. Disclosure Information 

It is well known to control <Jarnping levels provided by FIG. 1 is a sectional view of an adjustable hydraulic shock 

shock absorbers for motor vehicles. Many vehicles include J5 absorber of the invention in accordance with the present 

electronically controlled shock absorbers capable of being invention. 

switched between a soft ride or low damping level and a firm FIG. 2 is an enlargement of a solenoid valve attached to 

ride or high damping leveL The control may be manual or the shock absorber of FIG. 1 in accordance with the present 

electronic depending on the sophistication of the control invention. 

system employed. For instance, on vehicles having sophis- 2Q pjQ j is fl ^gram showing a portion of a raicro- 

ticated control systems, it is desirable to determine the processor interconnected to sensors and controlled devices 

motion of the wheel relative to the vehicle chassis, and select which ^ included in a system according to the present 

a high or low damping level as appropriate. Normally, the invention. 

low damping level would be selected to provide desirable ^ 4A ^ ^ m ^ showing how operating 

noise, vibration and harsbjicss (r^H)charactefisttcs awoci- M characteristics of a continuously variable shock absorber 

ated with normal driving. The control system would then ^ iD accordancc ^th the present invention, 

select the high level damping when aggressive braking. •> 

acceleration and steering is detected. This has the effect of DETAILED DESCRIPTION OF THE 

reducing the pitch, dive and roll of the vehicle, without INVENTION 

H^HSe t ItiS p^TerT^S * Referring now to FIG. 1, a shock absorber 10 commonly 
su^Wstate^ockabsorbers «l^^,SSK«t^ 
Amc« recent devel^ f mc shock absorbcr it ^ 

damper level includes continuously vanaMe shock absorb- ^ Jslood that the principles described herein would pro- 
2o2E? %5£Z% " videeuuWale^^ 

senlorsTt desired level of dam ping may be provided to that is closed at its lower end by an end phite 14. Amounting 
pr^criy control the wheel motion relative to the chassis. m bracket (not shown) is welded onto the housing 12 near * 
Hoover, with the continuously variable damper leveL it has *° Iowa end for fastening the shock abscrberto the unsprung 
been observed that in addition to being better at doing what mass of a vehicle in a well known manner. The ( uppe. r end of 
two state shock absorbers could do, me continuously van- the housing 12 is closed by an annular seal plate 18. 
able shock absorbers can be adjusted to compensate for A pressure tube 20 is concentrically arranged within the 
other system conditions, thereby improving the overall 43 housing 12 to define a reservoir 21 between the pressure tube 
system performance 20 and the housing 12. The pressure tube 20 is closed at its 

It is an object of the present invention to provide a lower end by a valve plate assembly 22 that h* i first and 
controlled shock absorber capable of compensatiag a desired second ports 24. 26. The first pert 24 is closed by a light 
Z£r level to account for environmcX as weu as oper- spring 2* while the second port 26 is closed by a firm^nng 

rtTnT^ mrwnhir^ flnr-hmtmn * « 30 Thc ^ ^ SeCOnd P 0 ^ 22 Operate ID a Well known 

- e — . manner to transfer hydraulic fluid back and forth between 

SUMMARY OF THE INVENTION ^ pressure tube 20 and the reservoir 21 during operation of 

The present invention provides a unique, cost effective the hydraulic shock absorber 10. 

method for compensating a shock absorbcr control signal for The upper end of the pressure tube 20 is mounted on a rod 

- - — 55 guide 32 that is seated in the housing 12 below the seal plate 

18. A piston 34 reciprocates within the pressure tube 20 
which is filled with hydraulic fluid and divides the pressure 

tube 20 into an upper rebound chamber 36 and a lower 

In accordance with the present invention, a method far compression chamber 38. The piston 34 is attached to the 

selectively controlling a damping level of a hydraulic shock ^ end of a rod that extends though the rod guide 32 and the seal 

absorber filled with hydraulic fluid comprising the steps of: plate assembly 18. The upper end of the rod 40 has a fitting 

detennining a desired damping level for the shock (not shown) for attaching the shock absorber 10 to the 

absorber and generating a first signal corresponding sprung mass of the vehicle in a wcU known manner, 

thereto; The piston 34 has third and fourth ports 44. 46 that form 

deterniining an estimated temperarure of the hydraulic 63 piston valves that operate in a well known manner to transfer 

fluid and generating a second signal corresponding hydraulic fluid back and forth between the rebound chamber 

thereto; 36 and the compression chamber 38 during operation. 



temperature variations. The temperature compensation 
improves the consistency of damping level provided by 
shock absorbers when subjected to varying operating tem- 
peratures 
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Briefly, the third port 44 is closed by a check ball 48 that is Referring back now to FIG. 3, the_rjrocessor j^ri'Tit'V fc t ri if 

urged into a sealed position by a strong spring 50 to provide tcmperaturr "f *hfi hy*™"lir ""d pene rates a seco nd* 

afinnpistonvalvethatrJOvldesafkmnMxleoforxrationin signal corresponding thereto. In_th e presently preferred 

the rebound direction as further explained below. The fourth 'emooaiment. the electronic controller 68 uses closed loop 

port 46 is closed by lighter spring 52. 5 current control to drive the solenoid valve 62. which also 

The shock absorber 10 includes an intermediate tube 54 ^f^T" estoa j ion : T^c^ctronic controller 

that is mounted on the medial portion of me pressure tube f^ffi"* ^ 1 ^Jg ma * the solenp xd 

20. The intenncdiale tube 54 is sealed at the upper and lower vf^^Mjgfto* a vottage acr^Jhs^l^ a 

. « ^ « i» i >wucu « inc utver ttnu wwa k nown mang er- such as wfft P"^ Tl£T!^L aHo ". to 

ends 55. 57 to form a bypass cr^nnel 56 that comrnunicates aci^^Td^^ ^na^ESSidi 

with the interior of the pressure tube ! 20 via a plurality of io -^filiiai^f-Ac mil Frn^^T^rbf^ura^ly 

orcinnferentiaUy spaced Weed holes 58 that extend through determined by dividing the average applied voltage by the 

the pressure tube 20 at the upper end of the intermediate tube average coil current. Sincc_jM2th_thc_ooiiiinal (room 

54. The bleed holes 58 are sized and located as explained t emperaturel resistance and tem perature coefficient of the 

below. The intermediate tube 54 has an outlet 60 for the cojj are known constants, the temperature of fe e c oil may be 

bypass channel 56 that communicates with the reservoir 21. 15 calculated as follows: " 
The flow through the outlet 60 is continuously adjustable 

between open and closed positions by a solenoid valve / v w \ 

assembly 62. T ~* = T — + ^ 1ZT ~*~/ IKt -*« 

Referring now to FIG. 2. the solenoid valve 62 is a well 

known type comprising a valve body 74 that is inserted into 20 where: 

the outlet 60. an armature 84 and an armature spring 86 for — average applied voltage; 

urging the armature 84 against a valve seat 78 in the valve Ig^a— average coil current; 

body 74. The valve body 74 and armature 84 include a -j- — ^ temperature; 

plurality of axially aligned bores 88 that communicate with R__oominal (e.g. -25 degC.) coil resistance; 

a metering orifice 90 that in turn communicates with the ., 1 _ _ . , , ~ v 

reservoir 21 via return bore 94. lW**r-coil temperature coefficient (ohms/degC.); 

Refemngnow to FIG 3. th e ^ plenoid valve 62 is actuated Thl^raLw fluid through the bores 88 and metering 

l^J^? 0 ™ i 68 i ff?™* ^i/^ 5 orifice 90 ensures that the armature 84 and adjacent coil 70 

fro^^SLscn^rs. tor example v^lesgedUKL^er- 30 will have substantially the same temperature as the hydraulic 
ing 102, l oad and acceleration nr a rnrr|ftjna Hrtn r>f 

gramas can be used to detenmne the susrxnsion motion The F ocessor proceeds to use the cst imattd t.nwaturc 

of a vdncle wheel rdative to a vehicle chassis. The con- tQ deTer^nTTte^Hire' conuxnsatiorfac^ andgeneT 

troUer 68 operates on these signals according to a program- ^r^j^ ^^^^smSK^ Thc 

mable computer within the controller 68 and generates a M ^^rgvan^ ^ & b^plhown to provide is. 

damper control signal that is compensated fes" tenn^erature 5Usp ^ n ^ ^ extremely cold 

and transmitted 1 to coil 70 via conductor 72 to adjust the cnvirOQmcnts ^ unde ^ c clcvatcd temperatures 

soienoia valve «. associated with severe duty operation. Referring to FIG- 4B, I 

In the einbodiment illustrated, a processor means within it can be seen that in conventional shock absorbers, the 

con troller 68 o perates on data Provided bv various sensors. 40 damping level varies with the operating temperature of the 

^^P? SC CS ° rS fcd *f to a CCnt " d P rocess , ? ' hydraulic fluid (oil) which is related directly to the viscosity 

(Cru) 104. ov means of inmilAiuiput circuits ti/iU 106. 0 f the fluid. This variability can cause degraded suspension 

Those skilled in fee art will appreciate in view of this performance at either extreme of the temperature scale, 

disclosure that the central processor and its associated With a continuously variable shock absorber, consistent 

peripheral equipment could be structured according to sev- 43 damper performance can be assured for all operating tem- 

eral known architectures. In a preferred embodime nt. pcratures when the damper control signal is compensated to 

h owever, the processor is configured so that a contr ol take this variability into account For example, referring to 

program is seq uentially read for each unit coininand from a both FIGS. 4A and 4B. if the operating temperature is very 

r ead-only mem ory (ROM), 108. which stores preset control low, an uncompensated control signal would yield too much 

programs- U na commands are executed by the central 50 damper force. However, by providing a slightly higher 

procc55or?ine I/O device serves to connect the balance of control signal, the damper level is compensated downward, 

the microprocessor with the other components of the system, delivering the desired damping level, in spite of the low 

such as the sensors and control devices. A random access operating temperature. 

memory (RAM), 110, stores data for use by the CPU. Furthermore, it has been recognized that other compo- 

The CPU processes data from t he sensors according to fe e 53 Dents of the suspension system behave differently under 

jxeset ooptroi programs to nrst aeiermine a desired damping extreme temperature conditions, thereby presenting yet 

level for each shock absorb er. As an example, the desired another advantage for a temperature compensated continu- 

damping level could simply be proportional to the relative ously variable shock absorbers. For instance, during 

velocity between the wheel and the chassis. That is, as the extremely cold weather operation, actuation of the solenoid 

relative velocity increases, it may be desirable to increase 60 valve 62 may be slower as well as some of the normally 

fee amount of damping the shock would otherwise produce. resilient members of the suspension exhibit an unusually 

The CPU generates a first signal corresponding to this high stiffness. This can result in undesirable levels of noise, 

desired level of damping. Referring to FIG. 4A, a plot vibration and harshness within the vehicle until the tem- 

showing the operating relationship between damper force, perature of these components increases. During this period, 

velocity and the first signal (current) is illustrated. As the 65 the shock absorber control signal may be compensated to 

current is increased to fee solenoid 62. the damping force reduce the temporary NVH degradation associated with such 

increases for a given velocity input to the shock. cold weather operation. 
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/" The processor then applies the third signal, embodying 

I any combination of the above described temperature cora- 

) pensations schemes, and others, and generates a shock 

/ absorber control signal for adjusting the shock absorber to 

C provide the desired damping level. The solenoid valve 62 

/ adjusts the operation of the hydraulic shock absorber 10 by 

{ adjusting the damping level to substantially any desired 

\ level between a low damping level or soft mode of operation 

I and a high damping level or firm mode of operation. 



More particularly, the coil 70 is energized to retract the 10 
armature 84 which opens the solenoid valve 62 and provides 
a low damping level or soft mode of operation. With the 
solenoid valve 62 open, the hydraulic fluid that is displaced 
from the rebound chamber 36 as the piston 34 moves 
upwardly in pressure tube 20 during rebound flows through 15 
the bleed holes 58 into the bypass channel 56 and then out 
the outlet 60 and into the reservoir 21 via the open solenoid 
valve 62. However, when suspension conditions that are 
sensed by electronic controller 68 require firmer or higher 
level of rebound damping, the power to the coil 70 is 20 
reduced and the armature 84 restricts the metering orifice 90. 
As the metering orifice 90 on the solenoid valve 62 closes, 
the flow of hydraulic fluid from the rebound chamber 36 
through the bypass channel 56 as the piston 34 rises in the 
pressure tube 20 is restricted. Consequently hydraulic pres- 25 
sure builds in the rebound chamber 36 providing a higher 
damping level or firmer mode of operation in the rebound 
direction. Similarly, compression strokes of the shock 
absorber are controlled by the solenoid valve 62, 

Various modifications and variations will, no doubt, occur 30 
to those skilled in the arts to which this invention pertains. 
For example, the computer architecture described herein 
may be modified according to the individual needs of the 
system being designed. This system could be constructed 
using analog circuit devices rather than the illustrated digital 35 
devices. Similarly, the choice of which controlled devices to 
control using the signals is a choice within the province of 
the individual employing a system according to this inven- 
tion. These and all other variations which basically, rely on 
the teachings with which this disclosure has advanced the art 40 
are properly considered within the scope of this invention as 
defined by the following claims. 
I claim: 

1. A method for selectively controlling a damping level of 
a hydraulic shock absorber filled with hydraulic fluid com- 45 
prising the steps of: 

determining a desired damping level for said shock 
absorber and generating a first signal corresponding 
thereto; 

determining an estimated temperature of said hydraulic 
fluid by deter minin g a temperature of a solenoid coil 
having an armature with said hydraulic fluid passing 
therethrough and generating a second signal corre- 
sponding thereto; 

determining a temperature compensation factor based on 
said second signal and generating a third signal; and 

compensating said first signal according to said third 
signal and generating a shock absorber control signal 



for adjusting said shock absorber in accordance with 
said temperature compensated damping level. 

2. A method according to claim 1, whereby said step of 
determining an estimated temperature of said hydraulic fluid 
further comprises the steps of: 

measuring a current flow in a solenoid coil; 
generating and applying a voltage across said coil; 
\ determining a resistance for said coil by dividing an 
average of said applied voltage by an average of said 
current flow; 

finding a quotient of a difference between a nominal 
resistance and said resistance and a temperature coef- 
ficient for said coil; and 
determining said estimated temperature by adding a nomi- 
nal temperature from said quotient 

3. A method according to claim 1. wherein said step of 
determining a temperature compensation factor includes 
compensating for temperature dependencies of solenoid 
actuation and viscous damping. 

4. A method according to claim 1. wherein said desired 
damping level for said shock absorber ranges continuously 
between a predetermined soft and hard levels. 

5. A method for selectively controlling a damping level of 
a hydraulic shock absorber filled with hydraulic fluid com- 
prising the steps of: 

determining a desired damping level for said shock 
absorber and generating a first signal corresponding 
thereto; 

determining an estimated viscosity of said hydraulic fluid 
by determining a temperature of a solenoid coil having 
an armature with said hydraulic fluid passing there- 
through and generating a second signal corresponding 
thereto; 

detenmning a viscosity compensation factor based on said 

second signal and generating a third signal; and 
compensating said first signal according to said third 
signal and generating a shock absorber control signal 
for adjusting said shock absorber in accordance with 
said viscosity compensated third signal such that said 
shock absorber generates said desired damping level 
irrespective of viscosity variations of said hydraulic 
fluid. 

6. A method according to claim 5, wherein said step of 
determining an estimated viscosity of said hydraulic fluid 
includes determining a temperature of a solenoid coil having 
an armature with hydraulic fluid passing therethrough. 

7. A method according to claim 5, wherein said step of 
determining a viscosity compensation factor includes com- 
pensating for temperature dependencies of solenoid actua- 
tion and viscous damping. 

8. A method according to claim 5. wherein said desired 
damping level for said shock absorber ranges continuously 
between a predetermined soft and hard levels. 
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